That there are conflicting views as to the effect of cold upon bacteria is readily apparent from only a casual perusal of the literature, and no effort will be made here to review the voluminous work on the subject except as it pertains directly to our own research. For a review of the literature dealing with the effect of cold on organisms in general, one may refer to the monograph by Luyet and Gehenio (1940) , and for reviews dealing specifically with bacteria, to the dissertations of Major (1953) and McDougal (1954) .
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We believe that crucial experiments can be devised to attack the main problem-the actual cause of death-only after understanding the effect of the variables inherent in the process of freezing and thawing. Two obvious variables are the species of bacteria and the initial cell concentration. As far as we know, no critical study has been made on the effect of the initial cell concentration upon survival. Rivers (1927) , however, did note that the percentage survival of 2 dilutions of Escherichia coli in Locke's solution, frozen (-185 C) and thawed (16 to 18 C) 4 successive times, was greater in the less dilute suspension than in the more dilute suspension. No such relationship was observed to occur with broth suspensions.
MATERIALS AND METHODS
The test organism was cultivated in 100 ml of broth in 250 ml Erlenmeyer flasks. The flask cultures were pooled, centrifuged, the spent broth decanted, and the packed cells resuspended in a minimal amount of fresh broth. From this concentrate, using broth as diluent, suspensions of the test organism at a number of different cell concentrations were prepared. Five ml aliquots of the cell suspension were dispensed into sterile, cotton-plugged test tubes (16 mm by 150 mm). The suspensions were frozen by immersion of the tubes in an alcohol bath at -22 C. (The contents of the majority of the tubes had solidified within .5 to 10 minutes; those which were not frozen at this time were seeded with an ice crystal which brought about immediate solidification.) All tubes were then removed from the alcohol bath but kept within the cold chest at -22 C.
The number of viable cells initially present was determined by diluting and plating a 1 ml aliquot from each of 2 tubes of each suspension prior to freezing in the -22 C alcohol bath. After storage intervals of 3 days, 1 week, 2 weeks, 4 weeks, and 6 weeks, 2 tubes of each suspension were removed from the cold chest, thawed in a water bath at 34 C (this required about 3 minutes), and a 1 ml aliquot from each tube was diluted and plated. All and Harrison and Hansen (1954) [Bo]'
Escherichia coli 4.8 X 109 8.0 X 107 1.7 X 10-2 3.5 X 10-12 9.1 X 108 3.2 X 106 3.5 X 10-' 3.8 X 10-12 1.9 x 108 1.3 X 10' 6.8 X 10-4 3.6 X 10-12 8.3 X 107 1.6 X 104 1.9 X 10-4 2.3 X 10-12 9.8 X 106 2.1 X 102 2.1 X 10-6 2.1 X 10-12 1.0 X 106 4.0 X 100 4.0 X 10-6 4.0 X 10-12
Salmonella gallinarum 5.7 X 10' 2.5 X 107 4.4 X 10-8 7.7 X 10-"l 5.7 X 108 3.1 X 106 5.4 X 10-4 9.5 X 10-13 5.7 X 107 3.2 X 108 5.6 X 10-6 9.8 X 10-13
Serratia marcescens 3.7 X 108 2.2 X 107 5.9 X 10-2 1.6 X 10-10 3.6 X 107 1.7 X 10' 4.7 X 10-'
1.3 X 10-10
Micrococcus pyogenes var. aureus 3.6 X 109 1.8 X 109
5.0 X 10-1 3.6 X 108
1.1 X 108 3.1 X 10-1 3.6 X 107 8.3 X 106 2.3 X 10-1 -3.6 X 10 5.6 X 10'
1.6 X 10-1
Bacillus pumilus 1.0 X 109 9.5 X 107 9.5 X 10-2 9.2 X 106 1.9 X 10' 2.1 X 10-2 -1.1 X 10' While we were still engaged in our work, a paper by Record and Taylor (1953) 
